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introduction
Soccer is one of the most popular sports in the world played by men and women [1] . Therefore, there are many publications investigating the influence of different determinants of the effectiveness of the training process in male and female soccer players. According to Stølen et al. [1] , physiological demands (% of maximal heart rate -%HRmax, % of maximal oxygen uptake -%VO 2 max) during a soccer match are similar for both men and women. However, time--motion analysis indicates that during a 90-minute game female players cover even 30% shorter distance in high-intensity running than male soccer players [2] . Moreover, Mujika et al. [3] stated that men obtain better results in Yo-Yo intermittent recovery test, Level 1 (Yo-YoIR1), countermovement jumps with and without arm swing, 15 m sprint, 15 m agility test and 15 m ball dribbling test. These differences are probably a consequence of greater fat mass, smaller muscle mass and worse efficiency of the cardiovascular system in women. Therefore, the question whether training loads applied to female soccer players are smaller than in male players seems to be interesting. Monitoring the volume and the intensity of the effort is one of the basic tasks enabling evaluation of the effectiveness of the training process. The most popular methods of controlling exercise intensity are heart rate monitoring and time-motion analysis [4, 5] . While HR recording is used relatively often, the analysis of kinematic factors is applied mostly in elite soccer players.
Previously, many studies have shown that the distance covered by male soccer players (excluding goalkeepers) during a 90-minute match is between 9 and 13 kilometers [6, 7, 8] . The number of papers concerning female soccer players is smaller. According to Andersson et al. [9] , women perform more running when playing international games compared with domestic league games. However, in both cases the total distance was no longer then 10 km. Similar findings were presented by Krustrup et al. [2] , who showed that women cover between 9.7 and 11.3 km (average: 10.3 km) during a soccer match. Moreover, Mohr et al. [10] demonstrated that the total distance covered by female high-level players and top-class players is similar (10.44 km and 10.33 km, respectively). Considering high-intensity runs and sprints, the same authors reported that a significantly longer distance is covered by professional players.
It has been shown that the playing position is not a factor determining the level of aerobic [11] and anaerobic [12] capacity. This may suggest the lack of significant differences in locomotion during a match. However, in our opinion this statement needs to be confirmed by the research involving a larger population of female soccer players.
The currently available diagnostic equipment (GPS devices) used by soccer coaches allows analyzing players' locomotion during a match and training sessions. Most frequently time-motion analysis during training sessions concerns small-sided games. Based on the previous publications, it can be stated that the most popular small-sided games are 4 vs 4 and 5 vs 5. Dellal et al. [13] showed that the distance covered by elite soccer players during 4-minute game is between 598 m and 836 m. Depending on the game rules it may be longer in 5 vs 5 games. [14] There is a lack of publications investigating physiological responses and time-motion analysis in female soccer players. Gabbett i Mulvey [15] demonstrated that movement patterns of small-sided games are similar to demands of national and international competition in elite women soccer players. It was suggested that small-sided games should be supplemented with sport-specific training to stimulate the high-intensity and repeated sprint ability.
Available review papers [16, 17, 18] described the influence of different factors of the intensity of small-sided games. The number of players, the pitch size, coach encouragement, game rules, and the work-rest ratio were analyzed. Comparing the response to small-sided games with reference to sex could be another interesting issue extending the knowledge of soccer-specific interval training. Former publications include only the comparisons of the total distance covered by male and female players during standard matches. Comparing the locomotion of both sexes players with regard to speed zones (e.g. walking, jogging, running, high-intensity running, sprinting) is particularly difficult. The inhomogeneous methodology of dividing speed zones in time-motion analysis does not include the individual potential of male and female soccer players. The majority of analyses involve five or six standard speed zones. Therefore, future research in this area should concentrate on determining individual speed zones of the players.
The purpose of this study was to compare the physiological response and time-motion analysis of male and female soccer players during 4 vs 4 small-sided games. We hypothesized that the total distance and distance covered in high-intensity running will be longer in male soccer players. ), and fifteen female (6 defenders, 6 midfielders, 3 strikers; age, 22.5 ±3.5 y; height, 167.4 ±7.1 cm; body mass, 59.9 ±6.3 kg, HRmax = 192.4 ±9.9 b·min -1 ) soccer players took part in the study. Both, male and female players were members of the teams from the same league level (first league). All the subjects had their current sportsmen medical cards. Their typical weekly training included 5-8 training sessions and one league game. The study was approved by the Ethical Committee of the Local Medical Chamber.
study design
The subjects participated in 4 vs. 4 games with goalkeepers which were played on a 40 x 30 m pitch. Despite what Zubillaga et al. [19] stated that the playing area per player during small-sided games in women soccer players should not exceed 110 m 2 , we decided to use the pitch of a relative size of 120 m 2 /player, which is in line with other authors [20] . According to previous publications [21] , small-sided games were performed in an interval format: 4 x 4 min with 2 min of active recovery.
No modifications or limits regarding rules (e.g., the number of contacts with a ball) were applied. During each game, the coaches actively motivated the players to increase their effectiveness [22] . When the ball went out of the playing area, assisting coaches supported the players with another ball to avoid game breaks. All the games were played on a natural pitch in similar atmospheric conditions (i.e., wind < 1 m·s -1 , temperature of 15-18°C, 40-55% humidity, and atmospheric pressure of 1004-1012 hPa). Before the games, the players performed a 10-minute warm-up followed by dynamic exercises with balls. The physical demands (GPS) and physiological responses (Heart Rate -HR) of male and female soccer players during 4 vs. 4 small-sided games were compared.
methodology
The distance covered by the players during small-sided games was measured using previously validated [23, 24] portable GPS devices (minimaxX version 4.0, Catapult Innovations, Melbourne, Australia) with a frequency of 10 Hz and analyzed using appropriate software (Catapult Sprint 5.0, Catapult Innovations, 2010). During the games, the players wore vests with GPS units placed on the upper back. As recommended, the GPS devices were activated 15 min before starting the training session.
Values for the distance covered during sprinting (> 7 m·s -1 ), high speed running (5.5 -7 m·s -1 ), running (4 -5.5 m·s -1 ), jogging (2 -4 m·s -1 ), standing and walking (0 -2 m·s -1 ), and the total distance were measured. These speed zones were previously described by Rampinini et al. [25] .
The heart rate responses were recorded in 5-s intervals using telemetry devices (Polar Team Sport System; Polar Electro OY, Kempele, Finland). The highest HR value observed during the small-sided games was considered as the maximal heart rate (HRmax).
statistical analyses
All the results are presented as the mean ±SD. All the data sets were assessed using the Shapiro-Wilk test for normal distributions. A t-test for independent variables was used to evaluate the differences between the two sexes. The Wilcoxon signed ranks test was conducted when the normality of the data distribution was disturbed. Levene's test was used to evaluate the homogeneity of variances. Repeated-measures ANOVA was applied to assess the differences between the bouts. All statistical analyses were performed using the Statsoft, Inc. STATISTICA version 9.0 software (Statsoft, Tulsa, OK). The level of significance was set at p < 0.05.
results
The intensity during the small-sided games was between 89.4 and 90.6% HRmax in male and between 88.9% and 90.2% HRmax in female players (Fig. 1) . The total distance covered by the male soccer players during four bouts of small-sided games was significantly (p < 0.0009) longer. Similar differences were noted in running (p < 0.0000) and high-speed running (p < 0.0001). Female players did not reach the speed considered as sprint. The average distance covered by male players in sprinting was very low (0.5 ±1.66 m) (Tab. 1). During subsequent games the distance covered by men was 24.7%, 24.2%, 25.5%, and 24.6% longer respectively than in women (Fig. 2) . 
discussion
The main purpose of our research was to indicate the differences in physiological responses and time-motion analysis in male and female soccer players during 4 vs 4 small-sided games. Two groups representing the same competition level preformed equal training sessions involving 4 x 4 minutes of small--sided games. The results of this study demonstrate that intensity during those games was similar and did not differ significantly between the sexes. However, the significant differences were found when comparing the locomotion factors. Although the distance covered in standing + walking and jogging was very close, the significantly higher values of the distance covered in running (4 -5.5 m·s -1 ) and high-intensity running (5.5 -7 m·s -1 ) were observed in male soccer players. Moreover, women did not reach the speed values considered as sprinting, while the mean sprint distance in men was only 0.5 ±1.66 m.
In our research the intensity of the game in male soccer players was between 89 -91% HRmax. These results are in line with previous research [16, 17, 18] . This value of % HRmax is commonly considered as effective in developing aerobic and anaerobic capacity of soccer players [26, 27] . The physiological response in female players was very similar. Unfortunately, the lack of publications considering the HR response of female soccer players to small-sided games precludes comparing our results to other female groups.
Hodson et al. [28] in their study applied 5 vs 5 small-sided games (including goalkeepers, 4 x 4 min, pitch: 40 x 30 m). The total distance covered during 4 games was 1941 m. This value is lower than achieved by female (1968 m) and male (2300 m) players in our research. However, Hodson et al. [28] tested university-level soccer players who were performing only two training sessions per week and one competition match per week. Interestingly, university-level soccer players covered a longer distance in sprinting (11 m) than our players. This may be caused by a different division of the speed zones. In our study sprint was defined as running at speed > 7 m·s -1 , while in Hodson's et al. study sprint threshold was set at 6.7 m·s -1 . These results confirm the need of an individual division of the speed zones in time-motion analysis in soccer.
The total distance covered during small-sided games and the distance covered in running and high-intensity running may be determinated by the level of the maximal oxygen uptake (VO 2 max). Many researchers suggest that VO 2 max ranges between 58-65 ml·kg -1 ·min -1 [29, 30] , and sometimes reaches 70 ml·kg -1 ·min -1 [31] . Available data indicate that VO 2 max in female soccer players is dependent on the training period, the level of competition, and the playing position and the range between 45 ml·kg -1 ·min -1 and 55 ml·kg -1 ·min -1 [1, 11, 32] .
Lower aerobic potential in women may be one of the factors determining the total distance covered during small-sided games. Our research suggests that this value is 25% lower when compared with men. An interesting comparison of locomotion between sexes was made by Bradley et al. [33] . These authors analyzed the locomotion of female soccer players who participated in UEFA Champions League. They found that both men and women cover a similar distance during a soccer match with a speed of 0-12 km·h -1 and 12-15 km·h -1 . However, the distance covered with a speed above 18 km·h -1 (> 5 m·s
) was significantly (p < 0.01) longer in male soccer players.
These results registered during a 90-minute soccer match are in compliance with our findings in small-sided games. There were no significant differences between sexes in two lowest speed zones; standing, walking (0-2 m·s , where male soccer players covered a longer distance than females. This probably resulted rather from greater physical aerobic and anaerobic capacity than by the level of soccer-specific technical skills, because both groups represented the same competition level.
According to applied speed zones division, there were no sprints performed by women in small-sided games. The distance covered with this speed by male players was less than 1%. Such low values are probably the effect of a small pitch area (40 x 30 m) or setting too high a speed threshold for sprints. Buchheit et al. [34] reported that players over 18 years old achieve their maximal running speed between 20 and 40 metres of the sprint. It is very difficult to perform such a long run on a pitch of 40 x 30 m in size. Therefore, both men and women were unable to reach the speed of 7 m·s -1 . In our opinion the sprint threshold of 7 m·s -1 is too high for female soccer players. Vescovi [35] demonstrated that elite women soccer players during a soccer match playing on a full-size pitch cover only 1.1% of the distance with the speed exceeding 25 km·h -1 (6.94 m·s -1 ). Moreover, the average distance indispensable to reach this velocity was 29 m. Bradley et al. [33] showed that during UEFA Champions League games the mean distance covered by female soccer players in sprinting ( > 25 km·h -1 , 6.94 m·s -1 ) was 59 m (0.5% of total distance). The distance covered at this speed zone by males was longer (200m, 2%). All these data strongly confirm the need of individually setting the speed thresholds for sprinting according to the maximal speed of each player [14] .
conclusions
The results of this study demonstrate that the physiological response during 4 vs 4 small-sided games is similar in male and female soccer players. During these games both men and women covered a comparable distance at a speed below 4 m·s -1
. In contrast, the distance covered with speed exceeding velocity of 4 m·s -1 was significantly longer in male soccer players.
practical applications
Comparing the physiological responses of male and female soccer players during small-sided games is an interesting issue, which may be useful in planning training programs for soccer according to sex. To our knowledge, this is the first paper comparing the physiological responses and time-motion analysis of male and female soccer players during 4 vs 4 small-sided games.
Presented in our study differences in locomotion of male and female soccer players indicate that during 4-minute small-sided game male players cover 25% longer distance than females. Most of the disparities concerned running at high-intensity.
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